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Description 

[0001] The invention relates to a backlight luminaire 
for a display device, which luminaire connprises at least 
a first and a second fluorescent lamp with a longitudinal s 
direction. 

[0002] The invention also relates to a liquid-crystal 
display device which includes a backlight luminaire. 
[0003] Backlight luminaires are used as a light source 
in flat-panel type display devices, in particular liquid- io 
crystal display devices (LCD devices). 
[0004] Fluorescent lamps are very suitable for use as 
light sources in flat-type display devices because they 
have a hirjh light output and the spectral characteristic 
ot the light emitted can be adapted in a simple manner. 
In such display devices, a luminaire, which is arranged 
behind the display, is generally provided with elongated 
fluorescent lamps which are arranged in parallel relation 
lo each other. It is allernalively possible to use U-shaped 
fluorescent lamps or so-called meander-shaped fluo- 20 
rescent lamps. 

[0005] A backlight luminaire of the type mentioned in 
the opening paragraph is disclosed in UK Patent Appli- 
cation GB-A 2 207 496. In said Application, a description 
is given of a backlight luminaire which is used as a light ' 25 
source for a liquid-crystal display (LCD) device, which 
luminaire includes a plurality of U-shaped fluorescent 
lamps which are alternately arranged at the back of a 
liquid-crystal display device. On the side of the backlight 
luminaire facing away from the liquid-crystal display de- 30 
vice, there is provided a reflector including reflectors or 
an assembly of sub-reflectors. In general, the (sub-)re- 
flectors are concave in shape. In the known backlight 
luminaire, one of the arm portions of one of the U- 
shaped fluorescent lamps Is inserted between the ann 35 
portions of an adjacent lamp or lamps so as to be parallel 
thereto. 

[0006] In general, it is desirable that the backlight lu- 
minaires should unlfomrily illuminate the active portion 
of the display device. "^o 
[0007] A disadvantage of the known backlight lumi- 
naire is that the light output of the luminaire exhibits var- 
iations in spectral characteristic. 
[0008] It is an object of the invention to provide a back- 
light luminaire in which the above-mentioned effect is ^5 
reduced or obviated. 

[0009] To this end. the backlight luminaire in accord- 
ance with the invention is characterized in that portions 
of the first and the second lamp exhibit a variation in 
spectral characteristic in the longitudinal direction, the so 
spectral characteristic of a portion of the first lamp and 
of a portion of the second lamp, which portions are ar- 
ranged one beside the other, varying in opposite direc- 
tions. 

[0010] The inventor has recognized that the spectral 55 
characteristic, for example the color point, of fluorescent 
lamps is not unifomn over the length of the lamps. A var- 
iation in spectral characteristic of the lamp is generally 



caused by spreads occurring in the production process 
of fluorescent lamps, which variation occurs, for exam- 
ple, during filling the lamp with a phosphor mixture. As 
a result of different physical properties, some compo- 
nents of the (three-)phosphor mixture adhere more rap- 
idly to the lamp than others. In general, the filling oper- 
ation takes place on one side from an end portion of the 
lamp, so that the spectral characteristic of the lamp 
changes over the length of the lamp, which leads, for 
example, to a difference in color point over the length of 
the fluorescent lamp. By positioning the adjacent por- 
tions of the first and the second lamp in accordance with 
the invention relative to each other, a variation in spec- 
tral characteristic of said portions is compensated for, 
which results in an Improvement of the spectral charac- 
teristic of the backlight luminaire. In general, the adja- 
cent (portions of the) lamps are so positioned relative to 
each other that the spectral characteristic of the sum of 
the (parts of the) lamps varies less than the spectral 
characteristic of each of the individual (parts of the) 
lamps. 

[0011] An embodiment of the backlight luminaire in 
accordance with the invention is characterized in that 
the luminaire is further provided with a reflector compris- 
ing a plurality of sub-reflectors, and in that at least a 
number of said sub-reflectors are provided with said por- 
tion of the first lamp and said portion of the second lamp. 
[0012] If a sub-reflector in accordance with the inven- 
tion is provided with (the above-mentioned portion of) 
the first lamp and with (the above-mentioned portion of) 
the second lamp, the reflector enhances the compen- 
sating effect. This results in an improved uniformity of 
the light output of the backlight luminaire. If lamps are 
positioned, in accordance with the invention, in sub-re- 
flectors, (said portions of) the lamps are so positioned 
relative to each other in one sub-reflector that the spec- 
tral differences between the lamps are averaged out or 
leveled off. By orienting (the portions of) the lamps in 
the above-described manner, spectral differences in 
one (portion of a) lamp are compensated for by arrang- 
ing (the portion of) the lamp in the vicinity of one (portion 
of a) lamp having a spectral characteristic which varies 
In the opposite direction. 

[0013] Depending on the shape of the fluorescent 
lamps used, the above can be realized by the manner 
In which (the portions of) the lamps are an-anged in one 
sub-reflector. If the lamps are oriented in a backlight lu- 
minaire in accordance with the inventive measure, as 
will be explained in greater detail by means of examples, 
variations in spectral characteristic of the light output of 
the luminaire are effectively reduced or obviated. 
[0014] An embodiment of the backlight luminaire in 
accordance with the invention is characterized in that at 
least a number of the lamps extend in at least two sub- 
reflectors. 

[0015] By accommodating portions of the fluorescent 
lamps in two or more sub-reflectors and by providing the 
sub-reflectors with a portion of at least two lamps, the 
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effect of the fact that one of the lamps emits light having 
a different spectral characteristic (for example, if two 
lamps have a different color appearance) is distributed 
(spreadout) over different sub-reflectors of the backlight 
luminaire. By virtue of said spread, the non -uniformity 
of the light distribution is spread out over a relatively 
large area of the backlight luminaire and becomes, rel- 
atively, less visible owing to the presence (of portions) 
of other lamps. If the lamps exhibit a variation in spectral 
characteristic over their length, the portions of the lamps 
are so distributed over the sub- reflectors that said vari- 
ations are of opposite sense. By virtue thereof, the var- 
iation in spectral characteristic of a portion of a first lamp 
in one sub-reflector is compensated for in that a portion 
of a second lamp is provided in the same sub-reflector, 
with the spectral characteristic of said portion of the sec- 
ond lamp and the spectral characteristic of said portion 
of the first lamp varying in opposite directions. Variations 
in spectral characteristic of the light output of the back- 
light luminaire are effectively reduced or obviated by 
suitably orienting the (portions of the) lamps in (the sub- 
reflectors of) the backlight luminaire relative to each oth- 
er. 

[0016] In the known luminaire, the effect of a deviation 
in a fluorescent lamp is limited to the sub-reflector ac- 
commodating said lamp, and a spectral variation of the 
backlight luminaire manifests itself more clearly. 
[0017] An embodiment of the backlight luminaire in 
accordance with the invention is characterized in that 
the lamps comprise at least a first arm portion and a sec- 
ond arm portion, which arm portions are arranged In 
side-by-side relation to each other and are interconnect- 
ed via a connecting portion, said first arm portion being 
accommodated in a first sub-reflector and said second 
arm portion being accommodated in a second sub-re- 
flector. 

[0018] By using lamps having arm portions which ex- 
tend one beside the other (in general, the arm portions 
are at least substantially parallel to each other) and 
which are interconnected via a connecting portion, it is 
achieved that the first arm portion of one of the lamps is 
always provided in one of the sub-reflectors while the 
second arm portion of said lamp is provided in one of 
the other (adjacent) sub-reflectors. This results, in the 
case of sub-reflectors extending one beside the other, 
In a compact and efficient distribution of the fluorescent 
lamps in the backlight luminaire, so that the unifomriity 
of the light output of the backlight luminaire is improved. 
A (fluorescent) lamp comprising two at least substan- 
tially parallel arm portions which are interconnected via 
a connecting portion, is referred to as a U-shaped or V- 
shaped lamp. A lamp comprising a plurality of parallel 
anm portions which are interconnected via a number of 
connecting portions, which connecting portions also ex- 
tend parallel to each other, is referred to as a meander- 
shaped fluorescent lamp. 

[0019] If, for example as a result of fabrication 
spreads, the U-shaped fluorescent lamps exhibit, for ex- 



ample, an at least substantially reproducible variation in 
spectral characteristic, mutual differences between arm 
portions of lamps can be compensated for by a suitable 
distribution of the arm portions over the sub-reflectors. 

5 If the lamps exhibit a variation in color point over their 
length, as a result of which, for example, a first ann por- 
tion of a lamp has a "bluish" color and a second arm 
portion of the lamp has (relative to the first ann portion) 
a more "yellowish" color, then this difference in spectral 

10 characteristic between said arm portions can be com- 
pensated for if in one sub-reflector the "bluish" amri por- 
tion of one lamp is combined with the "yellowish" arm 
portion of the other lamp. This distribution of the arm 
portions of lamps over two different sub-reflectors caus- 

15 es spectral differences in an arm portion of a lanrip to be 
compensated for by arranging said arm portion of the 
lamp proximate to an ann portion of a further lamp hav- 
ing a spectral characteristic which varies in the opposite 
direction. 

20 [0020] Preferably, all (portions of the) fluorescent 
lamps are so provided in the backlight luminaire and ori- 
ented relative to each other that the spectral character- 
istic of two portions, which are arranged one beside the 
other in one sub-reflector, varies in opposite directions. 

25 Depending on the shape of the fluorescent lamps used, 
this requirement places conditions up on the way in 
which (the portions of) the lamps are arranged in one 
sub-reflector. If the fluorescent lamps are elongated and 
(at least) two lamps are entirely arranged one beside 

30 the other in one sub-reflector, an effective compensation 
of an (at least substantially reproducible) variation in 
spectral characteristic in each of the lamps is attained 
by alternately (in opposite directions) arranging said 
lamps having a defined variation in the sub-reflector. If 

35 the fluorescent lamps are elongated or U-shaped, and 
if an (arm) portion of a first lamp and an (arm) portion of 
a second lamp are arranged one beside the other in one 
sub-reflector, an effective compensation of an (at least 
substantially reproducible) variation in spectral charac- 

40 teristic in each one of said (arm) portions of the (at least 
two) lamps is attained by always alternately arranging 
the (arm) portions of the lamps having a defined varia- 
tion in the sub-reflector in such a way that the spectral 
variation in said (arm) portion of the first lamp is com- 

45 pensated for by the spectral variation in said (ann) por- 
tion of the second lamp, which spectral variation chang- 
es in the opposite direction. In the adjacent sub-reflec- 
tors, corresponding (arm) portions of the (at least two) 
elongated or U-shaped lamps are accommodated in 

50 such a manner that also in these sub-reflectors the 
spectral variations of the (arm) portions of the larfips 
compensate each other; the (ann) portion of a lamp 
compensating for the spectral characteristic of the cor- 
responding (arm) portion of the first or the second lamp 

55 may altematively form part of a third lamp. By orienting 
all (portions of the) lamps in a backlight luminaire in ac- 
cordance with the Invention, variations in spectral char- 
acteristic of the light output of the luminaire are effec- 
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tiveiy reduced or obviated. 

[0021] An embodiment of the backlight luminaire in 
accordance with the invention is characterized in that at 
least two of the lamps are connected in series. As (al- 
ternating-current) power sources for fluorescent lamps 
do not have (exactly) the same output characteristic, two 
lamps connected to two different power sources may 
have different spectral characteristics, which leads to a 
non-unifomn light output of the active part of the display 
device. The effect of differences between two power 
sources is reduced and, hence.theuniformity of the light 
distribution of the backlight luminaire is further improved 
by connecting at least two lamps in series. 
[0022] A preferred embodiment of the backlight lumi- 
naire in accordance with the invention is characterized 
in that the lamps are alternately connected in series. In 
this Application, the expression "lamps which are alter- 
nately connected in series", is to be understood to mean 
that two (arm) portions of two lamps, which (arm) por- 
tions are arranged one beside the other in one sub-re- 
flector, are not connected to the same power source. By 
alternately connecting the lamps in series, it is preclud- 
ed that the effect of a power source having a slightly 
different voltage characteristic, which leads to variations 
in the spectral characteristic of (at least) one of the (flu- 
orescent) lamps, is distributed over two (arm) portions 
of the lamps arranged one beside the other in one sub- 
reflector. 

[0023] Preferably, the lamps are alternately connect- 
ed in series in such a manner that no two (arm) portions 
of two (different) lamps in one sub-reflector are connect- 
ed to one power source. This can be brought about, for 
example, by groupwise (alternately) connecting the 
lamps in series or by alternately connecting all lamps in 
series. If two or more power sources are used and if the 
various power sources are suitably connected to the 
lamps, the effect of failure of one of the power sources 
on the light distribution can be minimized. 
[0024] These and other aspects of the invention will 
be apparent from and elucidated with reference to the 
embodiments described hereinafter. 
[0025] In the drawings: 

Fig. 1 A is a plan view of an embodiment of the back- 
light luminaire in accordance with the invention, 
which is provided with fluorescent lamps; 
Fig. 1 B is a cross-sectional view of the backlight lu- 
minaire, taken on the line IB-IB in Fig. 1 A; 
Fig. 2A is a plan view of an embodiment of the back- 
light luminaire in accordance with the invention, 
which is provided with U-shaped fluorescent lamps; 
Fig. 2B is a cross-sectional view of the backlight lu- 
minaire, taken on the line MB-IIB in Fig. 2A; 
Fig. 3A is a perspective view of a further embodi- 
ment of the backlight luminaire in accordance with 
the invention, which is provided with U-shaped flu- 
orescent lamps; 

Fig. 3B is a cross-sectional view of the backlight lu- 



minaire shown in Fig. 3A; 

Fig. 4A is a plan view of an embodiment of the back- 
light luminaire in accordance with the invention, 
which is provided with meander-shaped fluorescent 
5 lamps; 

Fig. 4B is a cross-sectional view of the backlight lu- 
minaire, taken on the line IVB-IVB in Fig. 4A, and 
Fig. 5 is an exploded view of an assembly of a liquid- 
crystal display device and a backlight luminaire. 

10 

[0026] The Figures are purely schematic and not 
drawn to scale. In particular for clarity, some dimensions 
are exaggerated strongly. In the Figures, like reference 
numerals refer to like parts, whenever possible. 

IS [0027] Fig. 1 A is a schematic, plan view of an embod- 
iment of the backlight luminaire in accordance with the 
invention, which is provided with fluorescent lamps 4, 5, 
and Fig. 1 B is a schematic, cross-sectional view of the 
backlight luminaire 1 0 shown in Fig. 1 A, which luminaire 

20 is further provided with a light-scattering cover 7 (diffu- 
sor) which is supported by walls 6. In the example shown 
in Fig. 1 , said backlight luminaire 1 0 comprises a group 
of sub-reflectors 2, 2', 2'\ 2"\ which sub-reflectors are 
arranged in a side-by-side relation. 

25 [0028] The (sub-)ref lectors comprise directed reflec- 
tors which direct the direct and indirect light generated 
in the backlight luminaire towards the display device. In 
general, the reflectors are concave in shape and provid- 
ed, for example, with a matt, white coating which brings 

30 about a (diffuse) reflection of the light emitted (by the 
lamps) in a direction away from the display device. The 
expression "concave (sub-)reflector" must be taken to 
mean in this Application that the lamps are accommo- 
dated in a chamber (the sub-reflector) comprising a rear 

35 wall facing away from the display device and (oblique) 
vertical side walls, or a rear wall and side walls which 
are completely or partly pit-shaped. 
[0029] As a result of fabrication spreads, these lamps, 
exhibit variations in the spectral characteristic. This 

40 spread in spectral characteristic over the length of the 
fluorescent lamps occurs, for example, during filling the 
lamp with a phosphor mixture whose components have 
different physical (and chemical) properties. As a result 
of said difference in properties, some of the above-men- 

45 tioned components adhere more rapidly to the lamp 
than others, so that the ratio between the components, 
which ratio determines the spectral characteristic, 
changes as a filling column comprising the (three-)phos- 
phor mixture is displaced along the inside of the (cylin- 

50 drical) glass tube. In general, the filling operation is per- 
formed on one side from an end portion of the lamp, so 
that the spectral characteristic of the lamp (gradually) 
changes over the length of the lamp, which leads, for 
example, to a difference in color point over the length of 
55 the fluorescent lamp. In a production process, this spec- 
tral distribution over the length of the fluorescent lamp 
is substantially identical for each tamp. 
[0030] In the example shown in Fig. 1 A, each sub-re- 
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fleeter 2 aecommodates two different fluorescent lannps 
4. 5. The variation in spectral characteristic over the 
length of the fluorescent lamps 4, 5 is indicated by the 
letters a and b. which letters are shown, in Fig. 1 A, near 
the end portions of the lamps 4, 5. If the lannps exhibit 
a variation in color point over their length, with, in the 
example shown in Fig. 1A, the spectral characteristic 
varying, from the end portion (a) of lamp 4, 5, from, for 
example, a relatively "bluish" color to, for example, a rel- 
atively "yellowish" color near the end portion (b) of said 
lamp 4, 5, and said spectral characteristic between the 
end portions a and b exhibiting a (gradual) change, then 
the difference in spectral characteristic between the 
lamps 4 and 5 is compensated for if the "bluish" end por- 
tion (a) of one lamp is arranged next to the "yellowish" 
end portion (b) of the other lamp, and conversely. The 
compensating effect occurs if two lamps are arranged 
one beside the other in two adjacent sub- reflectors, in 
accordance with the measure of the invention, i.e. in the 
example shown in Fig. 1A, the lamps 5 and 4' are ar- 
ranged, respectively, in the sub-reflectors 2 and 2', the 
lamps 5' and 4" are arranged, respectively, in the sub- 
reflectors 2' and 2", and the lamps 5" and 4" are ar- 
ranged, respectively, in the sub-reflectors 2" and 2"'. 
The compensating effect is further enhanced if the 
lamps are arranged, in accordance with the measure of 
the invention, so as to extend one beside the other in 
the same sub- reflector, i.e., in the example shown in Fig. 
1A, the lamps 4 and 5 are accommodated in the sub- 
reflecter2, the lamps 4' and 5' are accommodated in the 
sub-reflector 2'. the lamps 4" and 5" are accommodated 
in the sub-reflector 2" and the lamps 4"' and 5"' are ac- 
commodated in the sub-reflector 2"'. 
[0031] Preferably, all lamps which are arranged one 
beside the other in two adjacent sub-reflectors are ori- 
ented in accordance with the principle a-b opposite b-a, 
and, in a further preferred embodiment in accordance 
with the invention, the spectral characteristics of all 
lamps arranged in one sub-reflector are alternately ori- 
ented according to the above-mentioned principle. As a 
result of said measures, which cause the spectral char- 
acteristics of lamps arranged one beside the other in 
one or more sub-reflectors, to vary relative to each other 
in opposite directions, the effect of small (at least sub- 
stantially reproducible) deviations in fluorescent lamps 
Is averaged out, which leads to a substantial improve- 
ment of the uniformity of the backlight luminaire 10. 
[0032] In addition, in the example shown in Fig. 1 , the 
lamps 4, 5 are alternately connected in series in such a 
manner that (portions of) lamps 4, 5 In one sub-reflector 
3 are not connected to the same power source. In Fig. 
1 A two power sources 8, 9 (also referred to as inverters) 
are used, with one half 4 of the fluorescent lamps being 
connected in series to the first power source 8 and the 
other half 5 of the fluorescent lamps being connected in 
series to the second power source 9. In an alternative 
embodiment of Fig. 1 , the lamps may also be connected 
pairwise (and alternately) to a power source. In this 



case, four power sources are necessary. 
[0033] Fig. 2A is a schematic plan view of an embod- 
iment of the backlight luminaire in accordance with the 
invention, which is provided with U-shaped fluorescent 

5 lamps 34, 34', 34", 34"', and Fig. 2B is a schematic, 
cross-sectional view of the backlight luminaire 40 shown 
in Fig. 2A. which luminaire is further provided with a 
light-scattering cover 37 which is supported by walls 36. 
In the example shown in Fig. 2, the backlight luminaire 

10 40 comprises a group of sub-reflectors 33, 33', 33", 33"', 
which sub-reflectors are arranged one beside the other. 
[0034] In the example shown in Fig. 2A, each sub-re- 
flector 33, 33*, 33", 33"' accommodates one U-shaped 
fluorescent lamp 34, 34', 34", 34"', respectively. The var- 

is iation in spectral characteristic over the length of the flu- 
orescent lamps 34 is indicated, in Fig. 2A, by the letters 
a, a', b and b'. If the lamps exhibit a color-point variation 
over their length, with, in accordance with the example 
shown in Fig. 2A, the spectral characteristic varying 

20 from the end portion (a) of lamp 34, 34', 34", 34"' from, 
for example, a relatively "bluish" color via the portions 
of the U-shaped lamps near the connecting portion ref- 
erenced a' and b', to, for example, a relatively "yellow- 
ish" color near the end portion (b) of said lamp 34, 34', 

25 34", 34'", with a variation in spectral characteristic oc- 
curring between said end portions a and b, the differ- 
ence in spectral characteristic between the portion of 
lamp 34, 34', 34", which is accommodated in the sub- 
reflector 33, 33', 33", respectively, and which is refer- 

30 enced b-b', is compensated for by the corresponding 
portion of lamp 34', 34", 34"', which is referenced a-a', 
and which is accommodated in the sub-reflector 34', 
34", 34"'. This way of orienting the lamps in the sub-re- 
flectors relative to lamps in adjacent sub-reflectors 

35 causes the uniformity of the backlight luminaire 40 to be 
improved. Preferably, all lamps 34, 34', 34", 34"' in the 
sub-reflectors 33, 33', 33", 33'" are arranged in said 
manner. 

[0035] In addition, in the example shown in Fig. 2, the 
40 lamps 34, 34', 34", 34"' are alternately connected in se- 
ries, in such a manner that adjacent lamps are not con- 
nected to the same power source. In Fig. 2B, two power 
sources 38, 39 are employed, with one half 34, 34" of 
the fluorescent lamps being connected in series to the 
45 first power source 38 and the other half 34', 34*" of the 
fluorescent lamps being connected in series to the sec- 
ond power source 39. 

[0036] Fig. 3A is a very schematic, perspective view 
of a backlight luminaire in accordance with a further em- 

50 bodiment of the invention, which is provided with U- 
shaped fluorescent lamps 14, 15, and Fig. 3B is a very 
schematic, cross-sectional view of the backlight lumi- 
naire 20 shown in Fig. 3A, which luminaire is further pro- 
vided with a light-scattering cover 1 7 which is supported 

55 by walls 16. In Fig. 3A, each arm portion of the U-shaped 
fluorescent lamps 14, 15 Is indicated by a reference nu- 
meral 14', 14" and 14"'. and 15', 15" and 15"', respec- 
tively. In the example shown in Fig. 3. the majority of the 



5 



BNSOOCID: <EP ^085993381 _l_> 



9 



EP 0 859 933 B1 



10 



sub-reflectors 13, 13', 13" always comprise two arm por- 
tions of two different U-shaped lamps, for example amri 
portions having reference numeral 14' and 15' are situ- 
ated in sub-reflector 13* and arm portions having refer- 
ence numeral 14" and 15" are situated in sub-reflector 
13 and in sub-reflector 13". In this example, at both edg- 
es of the backlight luminaire 20 there are provided two 
"half" sub-reflectors 12, 12' which each comprise only 
one arm portion 1 4"', 1 5"' of a fluorescent lamp. The light 
output and the uniformity (homogeneity) of the light dis- 
tribution are further improved if the (vertical) walls of the 
"half" sub-reflectors 1 2, 1 2' are provided with a reflective 
layer 1 6' having a high reflection coefficient. Another ar- 
rangement of the sub- reflectors and the lamps enables 
these "hair sub-reflectors in the backlight luminaire to 
be avoided. In the example shown in Fig. 3A, the con- 
necting portions of the U-shaped fluorescent lamps 14, 
15, which connect the at least substantially parallel ami 
portions to each other, are incorporated in a transition 
portion 1 1 between the sub-reflectors of the backlight 
i'jminaire 20, and hence are an integral part of the back- 
•ignt luminaire. in order to maximize the light output of 
said backlight luminaire. In an alternative embodiment, 
these connecting portions are situated on the outside of 
the backlight luminaire 20. 

[0037] The sub -reflectors 13, 13', 13" always accom- 
modate two different arm portions of fluorescent lamps 
14, 15. The variation in spectral characteristic over the 
length of the fluorescent lamps 14, 15 is indicated in Fig. 
3A by means of the letters a. a', b and b'. If the lamps 
exhibit a color-point variation over their length, with, in 
accordance with the example shown in Fig. 3A, the 
spectra! characteristic varying, from the end portion (a) 
of lamp 14, 16, from a relatively "bluish" color via the 
portions of the U-shaped lamps nearthe connecting por- 
tion indicated by the letters a' and b', to a 
relatively "yellowish" color near the end portion (b) of 
said lamp 4, 5, with the spectral characteristic varying 
(gradually) between said end portions a and b, the dif- 
ference in spectral characteristic between the lamps 14, 
15 is compensated for if, in one sub-reflector 13, ami 
portions a-a' are arranged next to arm portions b-b', and 
conversely. Prefefrably, all lamps arranged in one sub- 
reflector 13 are provided according to the above-de- 
scribed principle a-a' opposite b-b', and, in a further pre- 
ferred embodiment in accordance with the invention, the 
spectral characteristics of all lamps in adjacent sub -re- 
flectors 13, 13', 13" are alternately an-anged in the man- 
ner described hereinabove. By virtue of said measures, 
which cause characteristics of portions of lamps, which 
are arranged one beside the other in one or more sub- 
reflectors, to vary relative to each other in opposite di- 
rections, the effect of deviations in fluorescent lamps is 
leveled off (averaged out), which leads to an improve- 
ment of the uniformity of the backlight luminaire 20. 
[0038] In addition, in the example shown in Fig. 3, the 
lamps 14, 15 are alternately connected in series in such 
a manner that (portions of) lamps 14, 15 in one sub-re- 



flector 1 3 are not connected to the same power source. 
In Fig.3B, two power sources 18, 1 9 are employed, with 
the two U-shaped lamps 14 being connected in series 
to the first power source 1 8 and the other two U-shaped 
5 lamps 1 5 being connected in series to the second power 
source 19. 

[0039] Fig. 4A is a schematic, plan view of an embod- 
iment of the backlight luminaire in accordance with the 
invention, which is provided with two so-called mean- 

10 der-shaped fluorescent lamps 24, 25, and Fig. 48 is a 
schematic, cross-sectional view of the backlight lumi- 
naire 30 shown in Fig. 4A, which luminaire is further pro- 
vided with a light-scattering cover 27 which is supported 
by walls 26. A meander-shaped fluorescent lamp 24, 25 

75 generally comprises a hermetically sealed, tubular lamp 
envelope having (multiple) M-shaped bends, as sche- 
matically shown in Fig. 4A. The meander-shaped lamp 
is composed of several (at least substantially parallel) 
arm portions which are interconnected via connecting 

20 portions. In the example shown in Fig. 4. the backlight 
luminaire 30 comprises a group of sub-reflectors 22, 22', 
22", etc. which are arranged in a side-by-side relation, 
and the lamps 24, 25 are separately connected to a pow- 
er source 28, 29. The successive arm portions of the 

25 meander-shaped fluorescent lamps 24, 25 are accom- 
modated in successive sub- reflectors 22. In addition, 
each sub-reflector 22 accommodates two arm portions 
of each meander-shaped lamp 24, 25. By virtue of this 
distribution of the arm portions of the lamps 24, 25 over 

30 the sub- reflectors 22, differences in color point (spectral 
characteristic) between the two meander-shaped lamps 
are distributed (spread out) in each sub-reflector accom- 
modating a portion of each of the meander-shaped 
* lamps. If the spectral characteristic of the meander- 

35 shaped lamps 24, 25 varies (gradually), as indicated by 
the letters a-a'-a^-a'" etc. in Fig. 4A, then the uniformity 
of the backlight luminaire 30 is improved considerably if 
complementary ami portions of the lamps are arranged 
one beside the other in one sub-reflector The light out- 

40 put and the homogeneity of the light distribution are fur- 
ther improved if the (vertical) portions of the walls 26 are 
provided with a reflective layer 26* having a high reflec- 
tion coefficient. 

[0040] Fig. 5 is a very schematic, exploded view of an 
45 assembly of a liquid-crystal display device 51 and a 
backlight luminaire 50. In the example shown in Fig. 5, 
the liquid-crystal display device 51 is accommodated in 
a housing 52 which is provided with mounting means 
(not shown in Fig. 5) and, if necessary, a support 54. In 
50 addition, a filter 53 may be situated between the liquid- 
crystal display device 51 and the backlight luminaire 50. 
Said backlight luminaire 50 is provided with a light-scat- 
tering cover 47 (diffusor) which, in the assembled form, 
is supported by walls 46. In the example shown in Fig. 
55 5. the majority of the sub-reflectors 43, 43', 43", 43- al- 
ways comprise two arm portions of two different U- 
shaped fluorescent lamps 44, 44', 44"; 45, 45'. The up- 
per side and the lower side of the backlight luminaire 50 
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are provided, In this example, with two "half sub-reflec- 
tors 42, 42' which each accommodate only one arm por- 
tion of a fluorescent lamp 44, 44". The way in which the 
U-shaped fluorescent lamps 44. 45 are connected to 
power sources is not shown in Fig. 5. In order to maxi- 
mize the light output of the backlight luminaire 50 shown 
in the example of Fig. 5, the connecting portions of the 
U-shaped fluorescent lamps 44, 45 are situated in a 
transition portion between two sub-reflectors and hence 
are an integral part of the backlight luminaire. In addi- 
tion, the arm portions are so accommodated in the sub- 
reflectors 43, 43', 43", that a variation in spectral char- 
acteristic of the arm portions of the U-shaped fluores- 
cent lamps 44, 45 is compensated for by the comple- 
mentary arm portion of one of the other lamps 44, 45 in 
the sub-reflector. Preferably, each arm portion of a first 
fluorescent lamp 44 in one of the reflectors 43, 43', 43" 
is so arranged relative to each arm portion of a second 
fluorescent lamp 45 in the corresponding reflector 43, 
43*, 43" that the spectral characteristic of said arm por- 
tion of the first lamp 44 changes in a direction which is 
in opposition to that of the variation in spectral charac- 
teristic of said portion of the second lamp 45. 
[0041] The above-described method of distributing 
lamps 44, 45 over the sub-reflectors 43, enables differ- 
ences in color point (spectral characteristic) between 
two lamps to be compensated for in each sub-reflector 
accommodating an (equivalent) portion of at least two 
lamps. By virtue thereof, a substantial improvement of 
the uniformity of the backlight luminaire Is achieved. 
[0042] It will be obvious that within the scope of the 
invention many variations are possible to those skilled 
in the art. 

[0043] In general, the invention relates to a backlight 
luminaire provided with at least two tubular fluorescent 
lamps, with portions of the lamps exhibiting a variation 
in spectral characteristic in the longitudinal direction. 
The portions of the lamps are so positioned relative to 
each other that the spectra! characteristic of a portion 
of a first lamp and the spectral characteristic of a portion 
of a second lamp, which portions are arranged one be- 
side the other, vary in opposite directions. The luminaire 
is further provided with a plurality of sub-reflectors, the 
majority of the sub- reflectors being provided with said 
portion of the first lamp and said portion of the second 
lamp. Preferably, the majority of the lamps are distribut- 
ed over more than one sub- reflector. Preferably, the 
lamps are U-shaped and alternately connected in se- 
ries. The backlight luminaire is employed in liquid-crys- 
tal display devices in order to attain a light distribution 
having a uniform spectral characteristic. 



Claims 

1. A backlight luminaire (10, 20, 30, 40, 50) for a dis- 
play device, which luminaire comprises at least a 
first and a second fluorescent lamp (4, 5) with a lon- 



gitudinal direction, characterized in that portions 
of the first and the second lamp (4, 5) exhibit a var- 
iation in spectral characteristic in the longitudinal di- 
rection, the spectral characteristic of a portion of the 
5 first lamp (4) and of a portion of the second lamp 

(5), which portions are arranged one beside the oth- 
er, varying in opposite directions. 

2. A backlight luminaire as claimed in Claim 1 , char- 
10 acterized in that the luminaire is further provided 

with a reflector comprising a plurality of sub-reflec- 
tors (2) and in that at least a number of said sub- 
reflectors (2) are provided with said portion of the 
first lamp (4) and said portion of the second lamp 
15 (5). 

3. A backlight luminaire as claimed in Claim 2, char- 
acterized in that at least a number of the lamps 
(14, 15) extend in at least two sub-reflectors (13, 

20 13*. 13"). 

4. A backlight luminaire as claimed in Claim 3, char- 
acterized in that the lamps (14, 15) comprise at 
least a first arm portion and a second arm portion, 

25 which arm portions are arranged in side-by-side re- 
lation to each other and are interconnected via a 
connecting portion, said first arm portion (14*, 15') 
being accommodated in a first sub-reflector (13') 
and said second arm portion (14", 15") being ac- 

30 commodated in a second sub-reflector (13, 13"). 

5. A backlight luminaire as claimed in Claim 2, 3 or 4, 
characterized in that all portions of the lamps (4, 
5) are so provided that the spectral characteristic of 

35 two portions, which are arranged one beside the 
other in one sub- reflector (2), varies in opposite di- 
rections. 

6. A backlight luminaire as claimed in any one of the 
40 preceding Claims, characterized in that at least 

two of the lamps are connected in series. 

7. A backlight luminaire as claimed in Claim 6, char- 
acterized in that the lamps (1 4, 1 5) are alternately 

45 connected in series. 

8. A backlight luminaire as claimed in Claim 6 or 7, 
characterized in that the tamps (4, 4', 4", 4"'; 5, 5', 
5", 5"') are groupwise connected in series. 

50 

9. A backlight luminaire as claimed in any one of 
Claims 2 to 8, characterized in that the sub-reflec- 
tors (i = 1,2 n) are arranged one beside the oth- 
er, and, apart from the first (i = 1) and the last (i = 

55 n) sub- reflectors, the sub -reflectors (i = 2, 3, n- 
1 ) are provided with a portion of at least two lamps. 

10. A backlight luminaire as claimed in Claim 9. char- 
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acterized in that walls (16) of the first (i = 1) and 
the last (i = n) sub-ref lectors (12, 12') are provided 
with a reflective layer (16'). 

11. A backlight luminaire as claimed in any one of 
Claims 2 to 10, characterized in that the sub-re- 
flectors comprise directed reflectors. 

12. A liquid-crystal display device (51) comprising a 
backlight luminaire as claimed in any one of the pre- 

. ceding Claims. 



Patentansp ruche 

1. Ruckbeleuchtungsleuchte (10, 20^ 30, 40, 50) fur 
eine Wiedergabeanordnung, wobei diese Ruckbe- 
leuchtungsleuchte wenigstens eine erste und eine 
zweite Leuchtstoffrohre (4, 5) mil einer Langsrich- 
tung aufweist, dadurch gekennzeichnet, dass 
Telle derersten und derzweiten Rohre (4, 5)jeeine 
andere spektrale Verteilungscharakteristik in der 
Langsrichtung haben, wobei die spektrale Vertei- 
lungscharakteristik eines Teils der ersten Rohre (4) 
und eines Teils derzweiten Rohre (5), wobei diese 
Teile nebeneinander liegen, in entgegengesetzten 
Rlchtungen variieren. 

2. Ruckbeleuchtungsleuchte nach Anspruch 1, da- 
durch gekennzeichnet, dass die Leuchte welter- 
hin mit einem Reflektor versehen ist, der eine An- 
zahl Hilfsreflektoren (2) aufweist, und dass wenig- 
stens eine Anzahl der genannten Hilfsreflektoren 
(2) mit dem genannten Tell derersten Rohre (4) und 
dem genanten tell der zweiten Rohre (5) versehen 
ist. 

3. Ruckbeleuchtungsleuchte nach Anspruch 2, da- 
durch gekennzeichnet, dass wenigstens eine An- 
zahl der Rohren (14, 15) sich in wenigstens zwei 
Hilfsreflektoren (13, 13', 13") erstrecken. 

4. Ruckbeleuchtungsleuchte nach Anspruch 3, da- 
durch gekennzeichnet, dass die Rohren (14, 15) 
wenigstens einen ersten Schenkeltell und einen 
zweiten Schenkeltell aufweisen, wobei diese 
Schenkelteile in einer Seile-an-Seile-Beziehung 
zueinander vorgesehen und uber einen Verbin- 
dungsteil miteinander verbunden sind, wobei der 
genannte erste Schenkelteil (14', 15') in einem er- 
sten Hilfs reflektor (13') untergebracht ist und der 
genannte zweite Schenkelteil (14", 15") in einem 
zweiten Hilfsreflektor (13, 13") untergebracht ist. 

5. Ruckbeleuchtungsleuchte nach Anspruch 2, 3 Oder 
4, dadurch gekennzeichnet, dass alle Teile der 
Rohren (4, 5) derart vorgesehen sind, dass die 
spektrale Verteilungscharakteristik zweier Teile, die 



nebeneinander in ein und demselben Hilfsreflektor 
(2) angeordnetsind, in entgegengesetzten Richtun- 
gen variieren. 

5 6. Ruckbeleuchtungsleuchte nach einem der vorste- 
henden Anspruche, dadurch gekennzeichnet, 
dass wenigstens zwei der Leuchtstoffrdhren in Rei- 
he verbunden sind. 

10 7. Ruckbeleuchtungsleuchte nach Anspruch 6, da- 
durch gekennzeichnet, dass die Leuchtstoff roh- 
ren (14, 15) wechselweisein Reihegeschaltetsind. 

8. Ruckbeleuchtungsleuchte nach Anspruch 6 Oder 7, 
15 dadurch gekennzeichnet, dass die Leuchtstoff- 

rohren (4, 4', 4", 4"'; 5, 5', 5", 5"') gruppenweise in 
Reihe geschaltet sind. 

9. Ruckbeleuchtungsleuchte nach einem der Anspru- 
20 che 2 bis 8, dadurch gekennzeichnet, dass die 

Hilfsreflektoren (1=1 ,2,..., n) nebeneinander vorge- 
sehen sind, und dass abgesehen von dem ersten (i 
= 1) und von dem letzten (i = n) Hilfsreflektor die 
Hilfsreflektoren (i=2, 3, n-1)mit einem Teil von 
25 wenigstens zwei Leuchtstoffrohren versehen sind. 

10. Ruckbeleuchtungsleuchte nach Anspruch 9, da- 
durch gekennzeichnet, dass Wande (16) der er- 
sten (i = 1) und der letzten (i = n) Hilfsreflektoren 

30 (1 2, 1 2') mit einer reflektierenden Schicht (16*) ver- 
sehen sind. 

11. Ruckbeleuchtungsleuchte nach einem der Anspru- 
che 2 bis 10, dadurch gekennzeichnet, dass die 

35 Hilfsreflektoren gerichtete Reflektoren enthalten. 

12. Flussigkristall-Wiedergabeanordnung (51) mit ei- 
ner Ruckbeleuchtungsleuchte nach einem der vor- 
stehenden Anspruche. 

40 

Revendications 

1 . Luminaire d'eclairage a contre-jour (1 0, 20, 30, 40, 
45 50) pour un dispositif d'affichage, ledit luminaire 

comprenant au moins des premiere et deuxi^me 
lampes fluorescentes (4, 5) avec un direction longi- 
tudinale, caracterise en ce que des parties des 
premiere et deuxieme lampes (4, 5) presentent une 

50 variation de caract^ristique spectrale dans la direc- 
tion iongitudinale, la caracteristique spectrale d'une 
partie de la premiere lampe (4) et d'une partie de la 
deuxieme lampe (5), lesdites parties etant agen- 
cies Tune acoti de I'autre, variant dans des direc- 

55 tions opposees. 

2. Luminaire d'eclairage a contre-jour selon la reven- 
dication 1 , caracterise en ce que le luminaire est 
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encore pourvu d*un reflecteur comportant une plu- 
ralite de sous-ref lecteurs (2) et en ce qu'au moins 
un certain nombre desdits sous-reflecteurs (2) sont 
pourvus de ladite partie de la premiere lannpe (4) et 
de ladite partie de la deuxieme lampe (5). 

3. Luminaire d'eclairage ^ contre-jour selon la reven- 
dication 2. caracterise en ce qu'au moins un cer- 
tain nombre des lampes (14, 15) s'etendent dans 
au moins deux sous-reflecteurs (13, 13', 13"). 

4. Luminaire d'eclairage a contre-jour selon la reven- 
dication 3. caracterise en ce que les lampes (14, 
15) comprennent au moins une premiere partie de 
bras et une deuxieme partie de bras, lesdites par- 
ties de bras etant agencees Tune a cote de I'autre 
et etant interconnectees par Tin termed laire d'une 
partie de connexion, ladite premiere partie de bras 
(14'. 15') etant incorporee dans un premier sous- 
reflecteur (13') et ladite deuxieme partie de bras 
(1 4", 1 5") etant Incorporee dans un deuxieme sous- 
reflecteur (13, 13"). 

5. Luminaire d'eclairage a contro-jour selon la rcven- 
dication 2, 3 ou 4, caracterise en ce que toutes les 
parties des lampes (4, 5) sont agencees de telle fa- 
qon que lacaracteristique spectrale de deux parties 
qui sont disposees t'une a cote de i'autre dans un 
sous-ref lecteur (2) varie dans des directions oppo- 
sees. 

6. Luminaire d'eclairage a contre-jour selon I'unequel- 
conque des revendications precedentes 1 a 5, ca- 
racterise en ce qu'au moins deux des lampes sont 
connectees en serie. 

7. Luminaire d'eclairage a contre-jour selon la reven- 
dication 6. caracterise en ce que les lampes (14, 
15) sont connectees alternativement en serie. 

8. Luminaire d'eclairage a contre-jour selon la reven- 
dication 6 ou 7, caracterise en ce que les lampes 
(4, 4\ 4", 4"*; 5, 5', 5", 5"') sont connectees par grou- 
pes en serie. 

9. Luminaired'6clairage^contre-jourselon I'unequel- 
conque des revendications precedentes 2 a 8, ca- 
racterise en ce que les sous-reflecteurs (i = 1, 
2. .. . n) sont disposes Tun a cote de I'autre, et, abs- 
traction faite des premier (i = 1) et dernier (i = n) 
sous-reflecteurs, les sous-reflecteurs (i = 2, 3, n- 
1) sont pourvus d'une partie d'au moins deux lam- 
pes. 

10. Luminaire d'eclairage a contre-jour selon la reven- 
dication 9. caracterise en ce que des parois (16) 
des premier (i = 1 ) et dernier (i = n) sous-reflecteurs 
(12,1 2') sont pourvues d'une couche ref lechissante 



16 
(16'). 

11. Luminaire d'eclairage a contre-jour selon I'une quel- 
conque des revendications precedentes 2 a 1 0. ca- 

5 racterise en ce que les sous-reflecteurs compor- 
tent des refiecteurs diriges. 

12. Dispositif d'affichage a cristaux liquides (51) com- 
portant un luminaire d'eclairage a contre-jour selon 

10 I'une quelconque des revendications precedentes 
1 a 11. 
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